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Abstract 

Background: Maternal diet restriction might be associated with adverse maternal and perinatal outcomes due to 
metabolic changes. This study aimed to investigate the prevalence of changes in glucose levels due to Ramadan 
fasting in Emirati pregnant women. We conducted a cross-sectional observational study of 150 women from the 
United Arab Emirates, (76 during Ramadan and 74 after Ramadan), with uncomplicated pregnancies at a gestational 
age between 20 and 36 weeks. 

Results: The two groups of pregnant women had similar physiological parameters. Using the oral glucose tolerance 
test, the mean random blood glucose level after 1 hour of breaking the fast was significantly higher (p = 0.002) in the 
Ramadan fasting group than in the control group, and this was not affected by the number of fasting days. In 50% of 
patients after Ramadan and 70.5% during Ramadan, this value was more than 6.7 mmol/l, which is high and not an 
acceptable postprandial level in pregnancy. 

Conclusion: Caregivers need to consider the 1-hour postprandial glucose level response after fasting in Muslim 
pregnant women. Research of an interventional design is required to determine remedial actions for this issue. 



Background 

Maternal diet restriction might be associated with ad- 
verse maternal and perinatal outcomes. Prentice et al [1] 
reported a higher rate of fetal loss and low birth weight, 
and increased frequency of neonatal admission to the 
special care baby unit in women observing Ramadan. 
Maternal diet restriction is associated with an increased 
maternal risk of gestational diabetes mellitus and induc- 
tion of labor [2,3], The reason for this association with 
an adverse outcome is not completely clear. 

Herrmann et al [3] suggested that the associated 
physiological stress that results from diet restriction 
is associated with increased levels of corticotrophin- 
releasing factor, epinephrine, norepinephrine, and insulin 
secretion. In addition, levels of placental steroids and 
peptide hormones, such as progesterone and estrogens, 
linearly rise throughout the second and third trimesters, 
and this results in increased tissue insulin resistance. 
Therefore, insulin levels in the late third trimester are 50% 
higher than those in non-pregnant women. Consequently, 
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glucose levels are lower in pregnant women because of 
hyperplasia of the insulin-secreting pancreatic beta cells, 
increased insulin secretion, and an early increase in insulin 
sensitivity followed by progressive insulin resistance. Add- 
itionally, increased storage of tissue glycogen, increased 
peripheral glucose use, decreased hepatic glucose produc- 
tion, and glucose consumption by the fetus (especially in 
late pregnancy) contribute to approximately 10% to 20% 
lower glucose levels during pregnancy. 

The above-mentioned pathophysiology is an important 
metabolic adaptation to ensure that the fetus has a good 
supply of fuel and nutrients at all times through the 
switch from carbohydrate to fat use. This switch is facili- 
tated by induced insulin resistance and increased plasma 
concentrations of lipolytic hormones. However, this re- 
sults in large fluctuations in glucose and insulin levels 
(fed and fast states). The fasted state is where alternative 
fuels are made available to the mother, while glucose is 
reserved for the fetus, and insulin levels are higher in 
the fasting and postprandial states. After an overnight 
fast, the maternal fasting capillary whole blood glucose 
concentration falls, while plasma ketone and free fatty 
acid concentrations rise. 
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If another metabolic challenge is added as diet restric- 
tion or fasting during the holy month of Ramadan, insulin 
resistance is aggravated. This phenomenon is described 
as "accelerated starvation" during pregnancy [4,5]. We 
hypothesize that in the presence of genetic predisposition, 
as in the United Arab Emirates (UAE) population, this may 
increase the metabolic challenge and gestational diabetes 
mellitus may occur when a woman's pancreatic function is 
not sufficient to overcome the insulin resistance. 

During the month of Ramadan, healthy adults abstain 
from food and drink from dawn to sunset. Pregnant 
women are allowed, if they choose, to postpone the 
Ramadan fast until after delivery. However, most of the 
women would like to fast with their families rather than 
doing this alone later. Therefore, most Muslim pregnant 
women fast during the holy month of Ramadan. Conse- 
quently, diet restriction and fasting could adversely affect 
pregnancy outcome, especially if Ramadan falls during the 
hot summer months with long days of fasting. 

This situation was clearly described in the recent 
American Diabetic Association Guidelines [6], which 
recommend that women with pre-gestational or gesta- 
tional diabetes are at high risk and are strongly advised 
not to fast during Ramadan. Nevertheless, this recom- 
mendation is not based on any research in this area. 

The prevalence of gestational diabetes mellitus is on 
the rise worldwide. In the UAE population, there is a 
high prevalence of type-2 diabetes, as well as other dis- 
orders associated with metabolic syndrome, such as 
obesity and dyslipidemia. Therefore, fasting may dispro- 
portionately affect fetal and maternal health. Strong em- 
pirical evidence of this effect was provided by the HAPO 
study [7,8] which identified strong continuous associa- 
tions between several adverse perinatal outcomes and 
maternal glucose levels, even for glucose levels below 
those diagnostic of diabetes. 

This study aimed to investigate the effect of maternal 
diet restriction on glucose levels and glycemic control 
during normal pregnancy. We quantified if the effect 
size, if any, is significant in relation to guide-related 
recommendations. 

Methods 

We performed a cross-sectional observational study. Pa- 
tients were recruited from three primary health centers, 
including Al Yahar, Al Maqam, and Al Khabisi PHC, in 
Al Ain District, Abu Dhabi, UAE. Inclusion criteria were 
UAE nationals, uncomplicated pregnancies, gestational 
age between 20 and 36 weeks, normal oral glucose 
tolerance test (OGTT) blood glucose levels, and an 
expressed will to fast during Ramadan. Patients with 
known medical conditions, multi-fetal pregnancies, and 
fetal anomalies were excluded. For each fasting mother, a 
non-fasting healthy pregnant woman matched for age, 



parity, and gestational age was recruited after the fasting 
month of Ramadan as a control. Pregnant women were 
provided with glucometers, and taught how to perform 
measurements at home by a trained nurse. They were 
asked to measure their blood glucose level just before 
breaking their fast and 1 hour postprandial. Pregnant 
women were requested to adhere to their usual diet dur- 
ing the day of surveillance and to limit variability of food 
intake. A food sheet was provided to each woman with 

Table 1 Characteristics of the patients with no diet 
restriction and with diet restriction 



Descriptive statistics 



Ramadan 




M 


Mean 


Std. deviation 


No diet 
restriction 


Gestationa age 

\-J \ U V 1 CJ 


74 
74 


27.0 
4.2 


3.3 
3.1 




Parity 


72 


3.0 


2.8 




Age 


72 


27.5 


6.4 




First trimester FBS 


55 


4.7 


.66 




First trimester 1 hour after 
b rea kf a st 


9 


5.0 


1.01 




Fasting g OGTT 


61 


4.5 


1.1 




At 1 hr OGTT 


51 


8.0 


2.28 




At 2 hr OGTT 


58 


6.5 


1.7 




^v^tnlir hlnnH nrp^i irp 


56 


103.8 


1 0.05 




Diastolic blood pressure 


56 


63.3 


8.9 




BMI 


71 


28.6 


5.6 




Patient recorded fasting 
blood sugar 


74 


5.1 


1.0 




Patient recorded post 
prandial blood sugar 


74 


6.8 


1.5 


Diet restriction 
period 


Gestational age 
Gravida 


75 
75 


27.9 
3.7 


2.9 
2.3 




Parity 


64 


2.5 


2.1 




Age 


75 


28.4 


5.4 




First trimester FBS 


38 


4.6 


.56 




First trimester I hour after 
breakfast 


14 


5.3 


.93 




Fasting g OGTT 


52 


4.7 


.64 




At 1 hr OGTT 


43 


7.6 


2.1 




At 2 hr OGTT 


44 


6.2 


1.4 




Systolic blood pressure 


36 


105.8 


14.0 




Diastolic blood pressure 


36 


62.1 


9.8 




BMI 


75 


28.7 


5.2 




Patient recorded fasting 
blood sugar 


76 


4.9 


1.0 




Patient recorded post 
prandial blood sugar 


76 


/./ 


1.4 



No significant differences were found in any of the characteristics studied between 
the two groups. BMI body mass index, OGTT oral glucose tolerance test. 
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suggestions of possible food that may be taken after 
breaking the fast. Recruitment started from the first day 
of the month of Ramadan until the 30th day. All of the 
women were fasting continuously until the day of the 
surveillance. The average hours of fasting were 14 hours 
during the months of August and September 2010. Writ- 
ten informed consent for participation in the study was 
obtained from all of the participants. The study was ap- 
proved by the Al Ain Medical District Human Research 
Ethics Committee. 

A dedicated nurse collected patients' information and 
explained the study procedure and followed patients 
afterwards. A sample size calculation indicated the need 
for 64 subjects in each group with a power of 80%. 

A total of 150 pregnant women were recruited for 
the study. Seventy-six were recruited during the month 
of Ramadan (i.e., they were exposed to at least 14 hours 
of diet restriction) and 74 were recruited during nor- 
mal months (controls) with no diet restriction. During 
Ramadan, we measured glucose levels for the 76 women 
during fasting and at 1 hour postprandial. In the 74 con- 
trol women who were not studied during Ramadan, 
we measured fasting blood glucose levels early in the 
morning, after bed, and at 1 hour postprandial after their 
main meal. 

Collected data were analyzed using SPSS version 
19. Standard statistical methods, such as the Pearson 



chi-square test for analysis of differences in categorical 
outcomes between the two groups, were used. A p value 
of < 0.05 was considered to be significant. 

Results 

The two groups of pregnant women had similar physio- 
logical parameters. There were no significant differences 
in maternal age, parity, body mass index, and gestational 
age at recruitment between the two groups (Table 1). 
The mean random blood glucose level after 1 hour of 
breaking the fast was significantly higher in the Ram- 
adan group who were exposed to long hours of fasting 
than in the control group (p = 0.02) (Figure 1), but there 
was no significant difference in glucose levels during the 
OGTT between the two groups (Table 2). The above- 
mentioned findings were not affected by the number of 
fasting days. 

In 50% of patients after Ramadan and 70.5% during 
Ramadan, glucose levels were higher than 6.7 mmol/1 
(Table 3). 

Discussion 

In the current study, we observed significantly higher 
1-hour postprandial glucose levels in fasting pregnant 
women compared with the control group. One hour 
after breaking the fast in women without diabetes or 
gestational diabetes, according to their OGTT, more than 



12- 



§ Fasting Blood Sugar 
■pi One hour after breaking 
^fast Blood Sugar 



nr 



~r 



No diet restriction Diet restriction 

Diet restriction period 
Figure 1 Fasting blood glucose and blood glucose levels after 1 hour of breaking fasting. 
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Table 2 Differences in recorded blood glucose levels between the two groups 







Diet restriction period 




No diet restriction 


P value 




N 


Mean Std. deviation 


N 


Mean Std. deviation 




Patient recorded fasting blood sugar 


76 


4.9 1 .0 


74 


5.1 1.0 


>0.05 


Patient recorded post prandial blood sugar 


76 


7.7 1 .4 


74 


6.8 1 .5 


<0.02 



two thirds of them (71.1%) had glucose levels that gener- 
ally exceeded recommended values [9], which should not 
exceed 105 mg/dl in normal pregnancies [10]. Whether 
this finding is unique to this population is unknown 
because there are no similar studies. Although recent 
American Diabetic Association guidelines suggest that 
fasting adversely affects the outcome of pregnancy, which 
is not based on any previous research [6], Kiziltan et al 
[11] observed no significant changes in fasting glucose 
levels in pregnant women fasting for Ramadan. However, 
changes in postprandial glucose levels, when levels are 
expected to be highest, were not investigated. Interest- 
ingly, Mirghani et al [12,13] observed a significant de- 
cline in fasting blood glucose levels compared with the 
control group. This finding is in contrast to our study, 
which showed no significant difference in fasting glucose 
levels between the two groups. However, the long-term 
effects of these transient high blood glucose levels, if any, 
are unclear. Specifically, it is unclear whether an adverse 
pregnancy outcome in women with high blood glucose 
levels also occurs in pregnant women who fast during 
Ramadan. If this is the case, Ramadan fasting, which in- 
volves long hours without food or drink and is often 
followed by excessive meals when the fast is broken, may 
result in a poor outcome of pregnancy. This could have 
implications for maternal health care services when inter- 
preting postprandial results of pregnant women who are 
on a restricted diet. 

Previous studies have shown a wide and profound 
range of biochemical changes associated with maternal 
fasting. These changes include a significant fall in glucose, 
insulin, lactate, and creatinine levels, and a rise in triglycer- 
ide, non-esterified fatty acid, and 3-hydroxybutyrate levels 
[2], Prentice et al [1] related the metabolic changes ob- 
served in pregnant women who fast during Ramadan to 
an accelerated starvation phenomenon. Mirghani and col- 
leagues [12] found no effect of fasting on umbilical artery 
flow, but reported that it significantly affected fetal 



Table 3 Patients with glucose levels less than or more than 
6.7 mmol/l (acceptable cut point of normal postprandial) in 
the two groups 



No diet restriction % (no.) 


Diet restriction % (no.) 


Blood glucose 






level 


50 (37) 


28.9 (22) 


<6.7 


50 (37) 


71.1 (54) 


> = 6.7 



breathing movements. However, these studies had small 
sample sizes and were performed in different ethnic 
groups than our study. In addition, none of the studies 
studied glucose levels after breaking the fast. The abnor- 
mal glucose levels found in the current study may be due 
to disturbed glucose homeostasis as a result of fasting- 
related factors. A number of changes in Ramadan may 
increase stress because of changes in the quality and 
quantity of the diet, changes in sleeping hours, changes 
in meal frequency and timing, and the long hours of star- 
vation. The adverse impact of these factors may be aggra- 
vated in women who are vulnerable because of glucose 
intolerance, gestational diabetes, or diabetic patients. 

The effect of Ramadan fasting has been investigated in 
healthy volunteers and in some chronic diseases, such as 
chronic kidney disease. In healthy volunteers [14-17] a 
favorable effect of Ramadan fasting was found on major 
metabolic parameters, such as weight and body mass 
index. However, conflicting effects were found for lipid 
profiles, where some studies found a favorable effect of 
Ramadan fasting on lipid profiles, and other studies found 
a worsening of lipid profiles. In diabetes, glycemic indica- 
tors were found to improve or not change with Ramadan 
fasting, while in chronic kidney disease, renal function was 
not affected, except in pre-dialysis cases [18-21]. 

Variability of diet intake could be a factor in the differ- 
ences between the two groups of patients (Ramadan and 
after Ramadan). This is because there is only one main 
meal in Ramadan following the 14 hours of fasting com- 
pared with three meals distributed over long days during 
non-Ramadan times. However, we believe that variability 
of diet intake did not significantly influence our findings 
because people do not tend to eat at levels that induce 
pathological hyperglycemia. In addition, similar dietary 
recommendations were given to both groups. Nevertheless, 
regardless of the underlying cause, internally, externally, or 
both, hyperglycemia may affect the mother and fetus. 

None of the patients performed the OGTT during 
Ramadan because it would have conflicted with religious 
obligations. Therefore, self-measurements at home were 
only a reflection of glucose levels. Additionally, it was 
the only acceptable to answer the study question on a 
community based population recruitment. Agarwal [22] 
found that the portable, plasma optimized glucometer is 
a good screening test for gestational diabetes with a 
good correlation with venous samples. Although recent 
guidelines suggest that only venous blood samples should 
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be used for diagnostic purposes, the use of home moni- 
toring for glucose levels is well established. Home moni- 
toring of glucose values might be appropriate because the 
glucose values reflect the patients' life, while tests per- 
formed in the hospital, except for fasting blood glucose, 
reflect one reading, which is variable according to the 
subjects' diet and activity. Could the later explains why 
the high home monitoring postprandial levels in both 
groups not going with the normal glucose levels in preg- 
nancy not to exceed 6.7 mmol/1. In our sample, 50% of 
the patients after Ramadan and 71.1% during Ramadan 
had glucose values higher than 6.7 mmol/1/. Raising a 
possibility that home monitoring does not correlate with 
OGTT diagnostic levels which is an important future re- 
search area. Another research area that needs to be ad- 
dressed is the effect of glucose values on the mother and 
fetus with regard to symptoms and fetal monitoring. In 
addition, interventional studies need to be performed to 
enable fasting guidelines, especially in diabetic and gesta- 
tional diabetic patients. 

To maintain normal post-meal glucose levels, pregnant 
women should be advised to skip meals or those fasting 
for Ramadan could start eating gradually with healthy 
low caloric food. Unfortunately, randomization for fast- 
ing was not possible in the current study because fasting 
is based on patients' religious beliefs. However, to the 
best of our knowledge, this is the first community-based 
study report on glucose levels measured at home in fast- 
ing pregnant women. Further research is needed to in- 
vestigate the effect of changes in glucose levels during 
fasting on the mother and fetus. 

Conclusions 

Our study shows that 1-hour postprandial glucose levels 
are significantly higher in Ramadan fasting pregnant 
women than in non-fasting women. The main recom- 
mendation based on this study is to alert caregivers of 
Muslim pregnant women to postprandial responses to 
fasting. In addition, interventional research to determine 
remedial actions is required. 
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